A spherical KP equation [J.-K. Xue, Phys. Lett. A 314 (2003) [479][480][481][482][483] fails the Painlevé test for integrability at the highest resonance, where a nontrivial compatibility condition for recursion relations appears, indicating some logarithmic branching of solutions. This compatibility condition, however, is integrable itself, in accordance with a conjecture of J. Weiss.
Introduction
Recently, J.-K. Xue [1] deduced a spherical Kadomtsev-Petviashvili (SKP) equation for nonlinear dust acoustic waves in unmagnetized dusty plasmas with effects of a nonplanar spherical geometry and a transverse perturbation, and found an exact solitary wave solution of the SKP equation. One may wonder if the SKP equation is integrable in the sense of possessing a Lax pair and multi-soliton solutions. In the present short note, we use the Painlevé test for integrability to show that the SKP equation, due to some logarithmic branching of its solutions, should not be expected to possess a Lax pair and N-soliton solutions with large N.
Singularity analysis
After some scale transformations (complex-valued, if necessary) of dependent and independent variables, the SKP equation [1] reads as follows:
Starting the Weiss-Kruskal algorithm of singularity analysis [2, 3] , we substitute u = u 0 (y, t)φ α + · · · + u r (y, t)φ r+α + · · · with ∂ x φ(x, y, t) = 1 into the SKP equation (1), and find that the singular behavior of a solution u corresponds to α = −2 with u 0 = 1, the positions r of resonances being r = −1, 4, 5, 6.
Assuming that the singular behavior of a solution u near a hypersurface φ(x, y, t) = 0 with φ x = 1 is represented by the expansion
we obtain from (1) the following recursion relations for the coefficients u n :
where
At n = 0, 1, 2, 3, the recursion relations (3) give us, respectively,
At the resonances n = 4 and n = 5, where the coefficients u 4 (y, t) and u 5 (y, t) are not determined, the recursion relations (3) turn out to be compatible. However at the highest resonance, n = 6, where the coefficient u 6 (y, t) is not determined, we obtain from (3) the following nontrivial compatibility condition:
which means that we should modify the expansion (2) by introducing additional logarithmic terms, starting from the one proportional to φ 4 log φ. For the reason of this non-dominant logarithmic branching of solutions, the SKP equation (1) does not pass the Painlevé test for integrability.
Conclusion
The discovered analytic properties of the SKP equation (1) suggest that this equation cannot possess any Lax pair. As regards multi-soliton solutions, some nonlinear equations failing the Painlevé test for integrability do possess N-soliton solutions with N = 2 and even N = 3 [4] , though apparently never with arbitrarily large N. In other words, one may hope to find many closed form solutions of the SKP equation (1) because the compatibility condition (8) is not very restrictive, but one should not hope to solve the equation (1) by the inverse scattering transform technique because the condition (8) is not an identity.
There is an interesting conjecture, formulated by J. Weiss [5] , that the differential constraints, arising in the singularity analysis of nonintegrable equations, are always integrable themselves. In the present case of the SKP equation (1), we see that, in accordance with this conjecture, the compatibility condition (8) with φ x = 1 can be solved by quadrature, the result being φ = x − 1 4 y 2 t + f (t) with any f (t). Further discussion on the Weiss' conjecture can be found in [6] .
